Introduction
representing 17% of the 4,730 transplants according to the Biomedicine Agency.
Several studies have aimed to determine the risk factors for the development of keratoconus and the factors predicting progression toward transplantation (9) (10) (11) .
The patient's age, poor VA, high keratometry values, corneal opacities, and a low tolerance of contact lenses are factors correlated with a progression toward keratoplasty (11) . No study, to our knowledge, has monitored the progress of the nongrafted eye in patients with keratoconus. The fate of the second eye is not similar to the first, since this disease is highly asymmetrical. Knowledge of how the second eye progresses is important because it would allow for better monitoring and informing of patients with keratoconus. We were interested in studying the fate of the second eye in patients with keratoconus and who have already undergone keratoplasty.
The aims of this study were to analyze initial and at 12 years demographic, clinical, and keratometric outcomes of the second eye in keratoconic patients when the first eye has already been grafted.
Methods
We retrospectively reviewed the data of patients with keratoconus who were monitored at the Ophthalmology Department of Besancon University Hospital over a period of 12 years and who received a cornea transplant in one eye.
Inclusion criteria were diagnosed keratoconus on the basis of permissible clinical and topographic characteristics (2) . Only patients who received a cornea transplant for one eye with a follow-up period of no less than 12 years were selected for the study. The surgical criteria for the first eye were the existence of keratoconus with high keratometry (>50 D) or corneal opacities associated with unsatisfactory vision.
Exclusion criteria were a lack of initial corneo-topographic data, lack of data at the end of the follow-up period of 12 years, and performance of corneal transplantation for a reason (traumatic or infectious) other than keratoconus.
All patients were followed up at Besancon University H ospital and all data were collected between January 1, 1995, and July 1, 2015.
The demographic data comprised sex, age at the time of diagnosis, age at the first cornea transplant, duration of the keratoconus (between age at diagnosis and age at the last recorded consultation), and interval between the diagnosis and first keratoplasty. Patients were divided into 2 groups for the analysis.
The nonsurgical group comprised keratoconic patients who did not undergo corneal transplantation in the second eye during the follow-up.
The surgical group comprised keratoconic patients who underwent corneal transplantation in the second eye during the follow-up.
The clinical data studied were family history of keratoconus, history of atopy, best-corrected VA (BCVA), cylinder, sphere, spherical equivalent, type of corrective lenses worn (soft lens, RGP lens, scleral lens, glasses), surgical treatment procedure (crosslinking, intrastromal cornea rings, keratoplasty), presence or absence of corneal opacities, and subjective visual comfort (good or poor).
The initial and final topographic data considered were the corneal refractive power of the flattest meridian within the central 3 mm (K min ), corneal refractive power of the steepest meridian within the central 3 mm (K max ), mean corneal refractive power (K m ), average astigmatism (Sim K ), and pachymetry of the thinnest spot. The corneal topographies were carried out using Orbscan (Bausch & Lomb Surgery).
Initial and final (after 12 years of follow-up) clinical and topographic data were analyzed.
Quantitative variables are reported as mean (SD) and qualitative variables as number (percentage).
The groups of patients (surgical and nonsurgical) were compared using bivariate tests (chi-square or Fisher exact test for comparison of percentages; Student t test for comparison of means). Variables associated with a risk of corneal graft with a p value of <0.25 in bivariate analyses were included in multivariate logistic regression to estimate their independent effect on keratoplasty. A stepwise procedure was then applied to obtain the final model. Results are expressed as odds ratio and 95% confidence interval.
All p values reported are 2-sided, with significance set at p<0.05. Analyses were performed using SAS 9.3 (SAS Institute Inc.).
Results
From 1,621 patient records of graft procedures at the Ophthalmology Department of Besancon University Hospital, 375 eyes had keratoconus, and 107 eyes from 107 patients qualified for inclusion in the study.
During the follow-up, 41 patients (38.3%) received a penetrating or lamellar keratoplasty on the contralateral eye (surgical group). Sixty-six contralateral eyes (61.7%) nongrafted during the follow-up were analyzed at 12 years (nonsurgical group).
Overall population
The average age of the overall population at the time of diagnosis was 22.1 ± 6.46 years. The average age at the time of the first transplant was 29.7 ± 9.24 years. Seven patients (6.6%) had a family history of keratoconus, and 32 patients (31.1%) had history of atopy.
At the moment of the keratoplasty on the first eye, the mean BVCA of the nongrafted eye was 0.53 ± 0.32 (decimal scale). The mean cylinder was -2.75 ± 1.96 D and the spherical equivalent was -3.74 ± 4.28 D. The mean keratometry value was 48.76 ± 5.97 D.
Concerning the 41 patients (38.3%) who received a penetrating or lamellar keratoplasty on the contralateral eye, the mean age was 33.8 years at the time of the surgery. Of these procedures, 63% were performed in the 5 years that followed the first corneal graft and only 19.5% after the 10 th year. The mean follow-up period (duration between the first consultation and the date of the second keratoplasty) was 5.78 ± 5.48 years. At the time of the keratoplasty procedure, corneal opacities were seen in 7 patients (17.1%). In this group of patients, the mean BCVA was 0.26 ± 0.16, the spherical equivalent For the 66 patients nongrafted on the second eye, the mean age at diagnosis was 22.6 ± 6.44 years and the mean age at the first consultation at the Ophthalmology Department of Besancon University Hospital was 31.4 years, translating into a mean period of progression to keratoconus of 8.9 years. The first corneal transplantation had been performed, on average, 8.2 years after the initial diagnosis at the mean age of 30.7 ± 10.12 years. At the end of the follow-up, the progression period of keratoconus was 22.0 ± 7.76 years.
There were no statistically significant differences with regard to the correction method by optical correction (p = 0.86), hydrophilic soft lenses (p = 0.38), or RGP lenses (p = 0.06) from the beginning to the end of the follow-up, even though the number of RGP lens wearers decreased (39.4% vs 24.2%) and the number hydrophilic soft lens wearers increased (7.6% vs 12.1%). New correction methods emerged during the follow-up: 19.7% of patients were fitted with scleral lenses. During the follow-up period, 3% of patients also underwent crosslinking and 4.5% an ICR placement.
There was no significant progress in corneal opacities (1.5% vs 3.0% at 12 years) or in visual comfort (90.9% vs 87.9%).
The mean values of BCVA, cylinder, spherical equivalent (SE), and keratometry had not significantly changed during the follow-up period. The BCVA values improved (0.69 vs 0.71 at 12 years), whereas spherocylindrical and keratometric values had increased: -2.64 D vs -3.13 D for the SE and 46.34 D vs 46.49 D for the K m , respectively.
Consequently, for nongrafted patients, there was no change in these clinical and keratometric values between the beginning and the end of the monitoring period.
Data comparison of grafted (surgical group) and nongrafted (nonsurgical group) second eyes (Tab. II)
The groups were similar in terms of sex, family history of keratoconus, history of atopy, age at the time of diagnosis, age at the first corneal transplantation, and duration between the diagnosis and first transplantation (p>0.05).
There was a statistically significant difference between the groups in terms of visual comfort, which was substantially higher for the nonsurgical group: 90.9% of the patients in this group claimed to have good visual comfort vs 19.5% (p<0.0001). Corneal opacities were seen in 7 patients (17.1%) of the surgical group compared with only 1 patient (1.5%) in the nonsurgical group (p = 0.004). Bivariate analysis (Tab. III) revealed that low BCVA and high spherocylindrical and keratometric absolute values were significantly linked to a high risk of having keratoplasty in the second eye. The BCVA mean was greater in the nonsurgical group compared with the surgical group: 0.69 ± 0.27 vs 0.26 ± 0.16 (p<0.0001), the spherical equivalent mean was -3.70 D in the surgical group compared with -1.62 D in the nonsurgical group (p>0.05), mean keratometry values were 52.65 ± 6.80 D in the surgical group vs 46.34 ± 3.76 D in the nonsurgical group (p<0.0001), and mean pachymetry value was 335.50 µm for the surgical group vs 478.36 µm for the nonsurgical group (p<0.005).
Bivariate and multivariate analyses identified the following measures as being linked to an increased risk of having a transplant in the second eye: Significant. BCVA = best-corrected visual acuity; ICR = intrastromal corneal rings; K m = mean keratometry; K max = maximal keratometry; K min = minimal keratometry; D = dioptry; y = years.
Discussion
The present study demonstrated that 38% of patients with keratoconus who already had grafting in their first eye underwent corneal transplantation in their second eye. The keratoplasty indicator was the appearance of corneal opacities reducing the BCVA or intolerance of contact lenses.
The rate of corneal transplantation in patients with keratoconus (via deep anterior lamellar or penetrating keratoplasty) varies in the literature from 10% to 64%. In 1,065 patients with keratoconus treated by Gordon et al (9) for 8 years, 12% had received a corneal graft (9.3% unilaterally and 2.5% bilaterally). Tuft et al (12) achieved a transplant rate of 21.6%, while Sray et al (11) reported a transplant rate of more than 64% in their study, 33% of which were bilateral transplantations.
The wide variation in transplant rates can be explained by various factors: the severity of the keratoconus and the specialization of the ophthalmology department in this disease and in corneal transplantation as well as contact lens practice.
In this study, the keratoplasty rate was high given the patient selection criteria. All patients included the study had already received a cornea transplant and therefore represented later stages of keratoconus.
Regarding the age at the time of diagnosis and the percentage of patients with a family history of keratoconus (6.6%) or a personal history of atopy (31.07%), our results were similar to the average data in the literature.
Patients with nongrafted second eye, initial and final analysis at 12 years (Tab. I)
Patients who did not receive a transplant for the second eye, i.e., more than 61% of the overall population, were monitored for 12 years. The average duration of keratoconus since diagnosis was 22 years.
Over the monitoring interval, our study indicated that the maximal keratometry score increased by more than 1 D for 20 patients (30.30%). In 15 patients (22.72%), the BCVA value decreased by at least 1 line.
Comparatively, in the CLEK study (13) over an 8-year follow-up course, the loss of VA was more pronounced and the progression of the keratometry score was 1.6 D on average compared with 0.32 D in this study. Regarding the development of corneal opacities, the CLEK study reported 20% vs 1.51% in the present study, younger patients being more frequently affected. In our study, the change in the second eye appeared to be less progressive despite being a younger population, and thus more likely to experience an aggravation. The discrepancy in development is probably best explained by the fact that in our study keratoconus had been progressing for longer, 9 years on average, at the time of the first presentation at the Besancon University Hospital. Pouliquen et al (14) showed that the main risk factor leading to keratoplasty was the duration of the disease instead of the patient's age at the time of diagnosis or presentation. The mean duration from the diagnosis of keratoconus to keratoplasty was 10 years. Choi and Kim (15) reported a median duration of keratoconus of 12 years since the time of diagnosis.
Our study revealed that a scleral lens adaptation helped lessen the impact of the keratoplasty. After corneal opacities, the most frequent cause of corneal transplantation in keratoconic patients is low tolerance or inadequate rectification of the BCVA by contact lenses (9) .
Risk factors of keratoplasty in the second eye
The present study confirmed the accepted risk factors for keratoplasty in the second eye: an initial low VA, presence of corneal opacities, short duration of keratoconus, high spherocylindrical and keratometric values, and a thin cornea on pachymetry. In fact, 77.0% of patients with a VA below 0.5 underwent grafting, compared with 10.9% of those who had a BCVA of ≥0.5 (0.3 logMAR). Similarly, 76.3% of patients with a mean keratometry value ≥50 D underwent grafting vs 18.8% of patients who had a K m value of <50 D.
Once corneal opacities had developed, 87.5% of patients underwent grafting compared with 34.3% of patients without corneal opacity. These statistics are higher than in the study by Gordon et al (9) .
Similar risk factors for keratoplasty were found in prior studies; namely, signs of corneal opacities, VA below 0.5, Significant. BCVA = best-corrected visual acuity; CI = confidence interval; ICR = intrastromal corneal rings; K m = mean keratometry; K max = maximal keratometry; K min = minimal keratometry; OR = odds ratio; D = dioptry.
The mean age at first presentation was 31.41 years. Thus, ours was a younger population than the ones reported in the studies on keratoconus conducted by Reeves et al (10) (37 years) and Wagner et al (13) (39.3 years) . The same applies for the age at the time of the first transplant. maximal keratometry value greater than 55 D, corneal astigmatism above 10 D, young age at the time of diagnosis of keratoconus, and a low tolerance of contact lenses (9) (10) (11) .
However, unlike the data in the literature, in our study age was not found to be a risk factor for keratoplasty in the second eye. In our study, 32.0% of patients under 30 years old at the time of the first corneal transplantation underwent keratoplasty of the second eye, as did 42.1% of those older than 30 years (p = 0.45).
Reeves et al (10) found that the risk of cornea transplant doubled when the age at first presentation was below 30 years old, as compared with subjects older than 40 years. Gordon et al (9) stated that the risk of keratoplasty was reduced by 32.0% per decade in patients older than 30 years; 15.0% of patients under 40 had a keratoplasty, as compared with 8.0% over 40 years of age. For Tuft et al (12) , the critical age was 18 years. One of the reasons would be that a young patient needs superior visual quality and hence has a minor tolerance threshold of BCVA loss. Furthermore, keratoconus develops mostly between the ages of 20 and 30 years. In the present study, these factors were not found to be significant despite the young age of our patients.
Other studies did not find a correlation (2, 16) between age and the need for corneal transplantation in patients with keratoconus. Dana et al (17) highlighted a higher risk of transplantation for patients over the age of 40, associated with a poor tolerance of contact lenses. However, we did not make this observation in our study.
In the present study, more than 63.0% of patients underwent grafting of the second eye in the 5 years following the first transplant, with a peak during the first year. Fewer than 20.0% underwent keratoplasty 10 years after the first one. This timeframe appears to be similar to that of the transplant in the first eye: in the study by Gordon et al (9) , 5% of patients underwent grafting in their first eye within the 3 years following their first ophthalmologic consultation.
The CLEK study group also addressed the correlation between the severity of keratoconus and asymmetry of the disease between both eyes (18) . It was established that the more severe the keratoconus in one eye, the wider the asymmetry between the two. Future studies should investigate the severity of keratoconus in the first eye at diagnosis or first consultation and assess whether the risk is lower for these patients to have a cornea transplant in the second eye. It could then be established whether a moderate stage of keratoconus in the first eye renders the second eye at higher risk of being grafted.
In conclusion, data presented in this study suggest that the period risk of keratoplasty in the second eye is significant in the first 5 years following the first keratoplasty, regardless of the age of the patient. New therapeutic treatments have been made available allowing for stabilization of the keratoconus (crosslinking) and better correction of the irregular astigmatism (scleral lens, intrastromal corneal rings) thereby decreasing the impact of transplantation in this disease.
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